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57 ABSTRACT 
A traction elevator system including elevator ropes, 
and hitch plates for terminating the elevator ropes. At 
least one of the hitch plates includes first and second 
vertically spaced, aligned support levels, with the rope 
terminations defining first and second complementary 
patterns, respectively, selected to reduce the maximum 
fleet angle by providing components thereof in the axial 
direction, with respect to the sheave axis, and trans 
verse thereto, and by reducing the cross-sectional area 
occupied by the ropes at the hitch plate. 

8 Claims, 7 Drawing Figures 
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1. 

ELEVATOR SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates in general to traction elevator 

systems, and more specifically to arrangements for ter 
minating the ropes of such systems. 

2. Description of the Prior Art 
In traction elevator systems in which one or both of 

the movable components are roped 2:1, the ropes which 
extend from the sheave carried by the 2:1 roped mov 
able element are terminated in the overhead via a dead 
end hitch plate. It is desirable to use a large plurality of 
relatively small diameter elevator wire ropes with the 
full or double wrap traction drive arrangement usually 
used with multiple roping arrangements, because they 
accommodate the 180° bends better than a smaller num 
ber of larger diameter ropes. However, the more ropes 
that are used, the larger the fleet angle. This is due to 
the fact that each rope is terminated at the dead-end 
hitch plate in an adjustable shackle arrangement which 
includes compression springs disposed about a shackle 
rod. The rope terminations are thus more widely spaced 
than the rope grooves in the 2:1 sheave carried by the 
movable element. The fleet angle changes as the mov 
able element travels between its travel limits, flexing 
and thus causing fatigue of each rope at the rope-socket 
interface, especially in the shackle arrangements of unit 
construction which include the rope socket as an inte 
gral, fixed part thereof. The changing fleet angle, which 
is in the axial direction, taken with respect to the axis of 
the 2:1 sheave, also causes groove erosion or wear and 
rope wear, as the rope axis is not aligned with the 
groove axis. 

SUMMARY OF THE INVENTION 

Briefly, the present invention reduces the maximum 
fleet angle of elevator ropes by providing upper and 
lower, vertically aligned support levels in a hitch plate, 
with each rope being terminated at a selected level. The 
rope terminations are disposed at each level in predeter 
mined complementary patterns selected to reduce the 
maximum fleet angle in the direction of the sheave axis 
by reducing the cross-sectional area occupied by the 
ropes at the hitch plate and by providing rope angles, 
for at least some of the ropes, which have components 
in a direction transverse to the axial direction, as well as 
in the axial direction. This transverse component is also 
maintained within the reduced maximum axial value, to 
maintain the desired reduction in the amount of flexing 
of each of the elevator ropes at its socket. The trans 
verse component adds very little to the erosion of the 
groove edges, as it is in the direction which merely 
changes the angle of wrap. While the hitch plate of the 
invention is especially suitable for dead-end hitch plates 
in 2:1 roping applications, it may also be used as the car 
and/or counterweight hitch plates in 1:1 ropings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The invention may be better understood, and further 

advantages and uses thereof more readily apparent, 
when considered in view of the the following detailed 
description of exemplary embodiments, taken with the 
accompanying drawings in which: 
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FIG. 1 is a perspective view of a traction elevator 

system in which both movable components are roped 
2:1; 

FIG. 2 is an elevational view of a bi-level dead-end 
hitch plate constructed according to the teachings of 
the invention; 
FIG. 3 is a plan view of the upper rope support level 

of the hitch plate shown in FIG. 2; 
FIG. 4 is a cross-sectional view of the lower rope 

support level of the hitch plate shown in FIG. 2, taken 
between and in the direction of arrows IV-IV; 

FIG. 5 illustrates the angle of flexing or fleet angle of 
one of the ropes in the axial direction of the 2:1 sheave; 
FIG. 6 illustrates the angle of flexing of one of the 

ropes in a direction transverse to the axial direction 
shown in FIG. 5; and 

FIG. 7 is an elevational view of a counterweight 
hitch plate constructed according to the teachings of 
the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring now to the drawings, and to FIG. 1 in 
particular, there is shown a traction elevator system 10 

5 of the type which may advantageously utilize the teach 
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ings of the invention. Traction elevator system 10 in 
cludes two major movable components or elements, an 
elevator car 12 and a counterweight 14, which are 
mounted in the hoistway of a building for guided verti 
cal movement between predetermined travel limits. A 
traction drive machine 16, which may include an AC or 
a DC drive motor, is disposed to drive the elevator car 
12 and its counterweight 14 via a sheave and rope ar 
rangement which includes a traction or drive sheave 18, 
a secondary sheave 20, and a plurality of wire elevator 
ropes shown generally at 22. For purposes of example, 
the elevator car 12 is roped 2:1 and its counterweight 14 
is illustrated with 1:1 roping. When an element or com 
ponent of an elevator system is multiple roped, instead 
of the ropes terminating at the element, the element 
carries a sheave, which will be hereinafter referred to as 
the 2:1 sheave, and the ropes are terminated at a dead 
end hitch plate in the overhead above the hoistway. 
When a component is roped 1:1, the ropes terminate at 
the component secured by a suitable hitch plate. Thus, 
elevator car 12 carries a 2:1 sheave 24. The ropes 22 
extend from a dead-end hitch 28 to sheave 24 on the 
elevator car 12, and they then extend to the drive 
secondary sheave arrangement, traversing these 
sheaves with the full or double wrap illustrated, or with 
a half or single wrap, as desired. The ropes 22 then 
extend to the counterweight 14, and they terminate in a 
hitch 30. A governor rope 32, reeved about governor 
and idler sheaves 34 and 36, respectively, is connected 
to the elevator car 12, and compensation ropes 38 inter 
connect the bottoms of the elevator car 12 and counter 
weight 14 via a compensator sheave 40 located in the 
pit. Each of the hitch plate arrangements 28 and 30 may 
be constructed according to the teachings of the inven 
tion. 
FIG. 2 is an elevational view of the dead-end hitch 

plate 28, constructed according to the teachings of the 
invention, in which upper and lower support levels are 
provided by upper and lower metallic plate members 42 
and 44, respectively. Plate members 42 and 44 are 
spaced in vertical alignment via first and second hori 
zontally spaced, vertically oriented metallic plate mem 
bers 46 and 48, respectively, or by any other suitable 

  



4,537,286 
3 

structural spacing means. Plate members 46 and 48 may 
be welded to the horizontally oriented plate members 
42 and 44. The lower plate member 44 is secured to and 
mounted on the top of overhead beams, machine beams, 
or on top of auxiliary beams connected to the webs of 
overhead beams, either directly, or via hitch plate 
blocking beams or channel members 50 and 52. The 
lower support plate may be secured to the blocking 
beams by welding or bolting, such as by a plurality of 
bolts 54. 
Each of the ropes 22 is terminated at a selected Sup 

port plate member via an adjustable shackle arrange 
ment which may include a metallic rope socket and 
shackle rod of the unit construction shown in FIG. 2, 
such as combination rod and socket 56 associated with 
the lower support level, and a shackle spring 58. The 
rope socket and shackle rod may be of separate con 
struction, such as shown in FIG. 7. Shackle rod and 
socket combination 56 includes a rod member 59 having 
a rope socket 60 disposed at one end, and threads 62 at 
its other end, with the threads extending for a predeter 
mined dimension. The threaded end of shackle rod 59 is 
inserted upwardly through an opening in the lower 
support plate member 44, which preferably includes a 
guide bushing 64 constructed of a suitable low friction, 
wear resistant material, such as the material sold under 
the trade name Delrin. The shackle spring 58, complete 
with upper and lower spring collars 66 and 68, is tele 
scoped over the threaded end of rod 59, and nuts 70 and 
72 are disposed on the threaded end to adjust the associ 
ated rope to the desired length by compressing spring 
58. A cotter pin (not shown) is disposed through an 
opening in rod 59 disposed above nut 72, to prevent 
accidental disengagement between the nuts 70 and 72 
and the shackle rod 59. 

Each rope termination arrangement on the upper 
level provided by plate member 42 is similar to that just 
described relative to the rope terminations on the lower 
level, except a longer shackle rod is used, and each 
shackle rod extends through suitably bushed openings 
in both the upper and lower support plate members 42 
and 44, respectively. 
The rope terminating arrangements are disposed in 

predetermined different but complementary geometri 
cal patterns on the two support levels, with the patterns 
being selected to reduce the cross-sectional area occu 
pied by the ropes adjacent to their terminations, which 
reduces the maximum amount of rope flexing, and also 
the rope fatigue which occurs at the rope-socket inter 
face 74 of each of the ropes. For purposes of example, 
eleven elevator ropes are illustrated in FIG. 2, with the 
rope terminations being divided as equally as possible 
between the two support levels. For example, the upper 
level may have five rope terminations, and the lower 
level six rope terminations. The geometrical patterns 
preferably are on common centers, and when an odd 
number of ropes are used, such as eleven, a rope termi 
nation on one of the levels is preferably located at the 
common geometrical center. With eleven ropes, in ad 
dition to the rope termination at the geometrical center 
at one of the support levels, the remaining rope termina 
tions preferably are disposed in rectangular configura 
tions, with the long dimension of the two rectangular 
configurations being disposed transverse to one an 
other. 
More specifically, the predetermined configuration 

of rope terminations on the uppermost level, as shown 
in the plan view of this level in FIG. 3, preferably in 
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4 
cludes rope terminations having shackle rods 75, 76, 78 
and 80 disposed at the four corners of a rectangular 
configuration whose longest dimension is in the direc 
tion between shackle rods 75 and 78. This configuration 
also has a rope termination having a shackle rod 82 
located at the geometrical center 84 of the rectangular 
configuration. 
The predetermined configuration of rope termina 

tions on the lower level, as shown in FIG. 4, which is a 
cross-sectional view of the hitch plate 28 taken between 
and in the direction of arrows IV-IV in FIG. 2, in 
cludes, in addition to shackle rod 59 of rope termination 
56 previously described, five additional rope termina 
tions having shackle rods 86, 88,90, 92 and 94. Shackle 
rods 86, 90, 92 and 59 are disposed at the four outer 
corners of a rectangular configuration which has its 
longest dimension between shackle rods 86 and 90. 
Shackle rod 88 is disposed at the midpoint of the side of 
the rectangle which includes shackle rods 86 and 90, 
and shackle rod 94 is disposed at the midpoint of the 
side of the rectangle which includes shackle rods 92 and 
59. These complementary configurations result in the 
most compact arrangement of rope terminations, with 
out any interference between the rope terminations of 
the two levels, for an eleven rope arrangement. The 
longer length dimension of the two different comple 
mentary rectangular configurations, which in the pre 
ferred embodiment is the rectangular configuration on 
the lower level, is oriented parallel with the axis 96 of 
the associated 2:1 sheave 24, in order to place as many 
rope terminations as possible in the direction of the rope 
grooves 98, without exceeding the desired maximum 
fleet angle. 
FIG. 5 illustrates the maximum angle 99 of flex of 

rope 100 as sheave 24 moves between its travel limits, 
with angle 99 being the component of the actual rope 
angle which lies in a plane which includes the sheave 
axis 96. The maximum value of angle 99 has been re 
duced due to the fact that a component 101 of the actual 
rope angle has been added, with angle 101 being shown 
in FIG. 6. Angle 101 is located in a plane transverse or 
90° to the sheave axis 96. Both components 99 and 101 
of the actual rope angle, as well as the actual rope angle 
itself, are held within the desired maximum value. 

FIG. 7 is an elevational view of the counterweight 
hitch plate 30 constructed according to the teachings of 
the invention. Except for being upside down, compared 
with the dead-end hitch plate 28, it is substantially the 
same as the dead-end hitch plate 28, and like elements 
are given like reference numerals, except for the addi 
tion of a prime mark. Shackle rod and rope sockets of 
the unit construction may be used, as shown in FIG. 2, 
or the separate construction shown in FIG. 7 may be 
used. In the separate construction, shackle rod 59' is 
threaded at both ends and rope socket 60' has an open 
ing for receiving a threaded end. Nuts 110 and 112 
secure the rod 59' to the socket 60'. In this embodiment, 
the hitch plate 30 is secured to the counterweight frame 
114, such as via a plurality of bolts 116. The hitch plate 
arrangement of the invention would be especially useful 
for a counterweight termination when space between 
the hitch wall and/or car and the counterweight frame 
must be within a specified dimension. 
The fleet angle on a prior art elevator rope hitch plate 

for terminating eleven ropes reaches a maximum of 
over 3:. In the bi- or dual level hitch plate of the pres 
ent invention, the spacing of the shackles, which is 
restricted by the shackle spring spacing, results in the 
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same maximum fleet angle as a prior art 7-rope dead-end 
hitch plate, which is about 1. Thus, in an elevator 
system constructed according to the present invention, 
rope fatigue at the rope-socket interface is substantially 
reduced, greatly extending rope life, and groove ero 
sion is also reduced. 
We claim as our invention: 
1. A traction elevator system, comprising: 
first and second movable components including an 

elevator car and a counterweight each mounted for 
guided, vertical movement between predetermined 
travel limits, 

drive means for said first and second movable compo 
nents, including first and second hitch plate means 
associated with said first and second movable com 
ponents, respectively, for terminating the plurality 
of ropes, 

at least one of said first and second hitch plate means 
including upper and lower, vertically spaced sup 
port plate members and rope termination means 
distributed substantially equally between said sup 
port plate members to reduce the maximum fleet 
angle as the associated movable component travels 
between its limits, 

said upper and lower plate members each having 
horizontally oriented, major, flat surfaces, 

said upper plate member being disposed directly 
above the lower, with their facing flat surfaces 
being in parallel planes, said upper and lower plate 
members being rigidly spaced to provide a fixed 
dimension between them, 

each of said rope termination means including a rope 
socket, a shackle rod connected to each rope 
socket, and a shackle spring disposed about each 
shackle rod, with the shackle spring being a com 
pression spring, co-acting with a flat major surface 
of a support plate member, 

each of said first and second plate members cooperat 
ing with predetermined rope termination means to 
provide two spaced rope termination levels, with 
the shackle rods of a predetermined termination 
level proceeding through openings disposed in the 
plate member associated with the other termination 
level, 
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6 
the ropes of the two termination levels being disposed 
such that the shackle rods are interleaved on one of 
the levels with a predetermined pattern in which a 
rod from one level is closer to a rod from the other 
level than it is to another rod from its same termina 
tion level. 

2. The traction elevator system of claim 1 wherein the 
openings in the support plate members include low 
friction guide bushings. 

3. The traction elevator system of claim 1 wherein 
each support plate member includes openings having 
low friction guide bushings through which the shackle 
rods extend. 

4. The traction elevator system of claim 1 wherein the 
rope termination means associated with the upper and 
lower support plate members are arranged in first and 
second different complementary patterns each having a 
plurality of rows, with the patterns being selected to 
reduce the fleet angle by reducing the cross-sectional 
area occupied by the ropes at the hitch plate means, and 
by distributing at least certain of the rope angles both 
axially, with reference to the axis of the sheave on the at 
least one movable component, and in a direction trans 
verse to said axis. 

5. The traction elevator system of claim 4 wherein 
each pattern or rope terminations defines a rectangular 
configuration aligned on common geometrical centers, 
but with their longest sides being transverse to one 
another. 

6. The traction elevator system of claim 5 wherein 
one of the rectangular configurations additionally in 
cludes a rope termination disposed at the common geo 
metrical center. 

7. The traction elevator system of claim 1 wherein the 
means for roping the movable components ropes at least 
one of them 2:1, including a sheave on said at least one 
movable component and a dead-end hitch plate, with 
the at least one hitch plate means being said dead-end 
hitch plate. 

8. The traction elevator system of claim 1 wherein the 
means for roping the movable components ropes at least 
one of them 1:1, including a hitch plate on said at least 
one movable component, with the hitch plate means 
being the hitch plate on said at least one movable com 
ponent. 
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